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ABSTRACT
 

Between 1997 and 1999 Alaska Department of Fish and Game observers sampled female andundersized male bycatch crabs, and recorded pot catch sorting times and crab injuries. Therelationship between aerial e7posure and total catch was e7amined and injury data results weretested for significant differences between fisheries and individual vessels. Data results show thecombined catch rates of retained and non-retained crabs appear to influence aerial e7posure ratesin some fisheries but not others. Results from three years of sample data indicate that injurytypes, rates and aerial e7posure times of bycatch crabs can be highly variable between fisheriesand individual fishing vessels. The data also suggests that factors causing injury or greater timeon board vessels include high catch and bycatch rates, timing of fishing seasons, and types ofsorting procedures. Vessel crew sorting practices were also documented but differences in aeriale7posure times due to variable sorting practices and equipment used were difficult to detect. Inall fisheries observed the overwhelming percentage of injuries noted were minor in nature. Majorinjuries were rare and when observed, most often consisted of severely damaged walking legs. 
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INTRODUCTION
 

Large numbers of female and sublegal-sized male crabs captured in some Bering Sea/Aleutian Islands commercial crab fisheries must be discarded to comply with state regulations governingminimum size limits and se7 restrictions LADF&G 1999s. Prior to their return to the sea, apercentage of these crabs may be subjected to e7cessive on-deck aerial e7posure and body injuries resulting from on deck handling and discard. Research studies conducted in both controlled and field settings have e7amined the types and frequency of injuries and potentialresultant handling mortality to bycatch crabs in the commercial fisheries. rhou and Shirley L1995s studied potentially lethal effects of handling on bycatch female and sublegal male redking crabs by simulating on-deck sorting and handling procedures and evaluating injuries andsubsequent overall condition of the test subjects. Although body damage increased significantlywith increased handling, there were no significant differences among the treatment groups inlong term mortality, feeding rates, righting responses, or bacterial infections. Study resultsindicated the effects of handling on red king crab bycatch may be less detrimental than thatreported for other commercially caught crab species. 
However, numerous other studies e7amining handling-induced mortality in shellfish haveidentified lethal and sublethal effects on several crab species due to stress, cold air temperatures and injuries, including limb loss LKruse 1993s. Handling e7periments conducted on red king crabs and Tanner crabs by Stevens and MacIntosh L1993s e7amined survival rates of male andfemale crabs inflicted with various injuries suspected to occur in the Bering Sea commercialfisheries. In a review of capture and handling effects Kruse L1993s noted that consequences fromhandling at-sea during the commercial fisheries may result in reduced fishery yields and significant mortality to declining stocks. 
To further document the frequency and nature of injuries and other potentially harmful effectsattributable to handling of bycatch crabs, at-sea observers deployed in several Bering Sea/Aleutian Islands king and Tanner crab fisheries were utilized for a data gathering project initiatedin 1997. During this project observers systematically categorized and evaluated injuries to non-retained crabs from daily chosen randomly selected pots. They also recorded on deck aeriale7posure times of discarded crabs and described catch sorting operations for each of theobserved vessels. The following report summarizes results of the data collected in 1998/99 ande7amines variables that may influence injury rates and handling effects to bycatch crabs. Areport on the 1997/98 injury assessment and aerial e7posure data can be found in Tracy andByersdorfer L2000s. 

METHODS 

Observed Fisheries and Vessels 

Handling injuries and crab aerial e7posure times were recorded in four fisheries and seven
fishing seasons occurring between September 1, 1998 and December 31, 1999. Observer
coverage levels varied by fishery, fishing season and by numbers of participating vessels. Areas
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fished, the target species and seasons for which injury and aerial e7posure data were collected ineach fishery were as follows: 
Bering Sea Snow Crab Jan. 15 - March 22, 1999;  March 29 - May 1999 Aleutian Islands Golden King Crab   Sept. 1, 1998-Nov. 7, 1998;  Sept. 1, 1999-Oct. 25, 1999Pribilof Islands Hair Crab  Oct. 30, 1999-Dec. 1, 1999 Bristol Bay Red King Crab Oct. 15, 1999-Oct. 20, 1999; Oct. 27, 1999-Nov. 7, 1999 

In some fisheries data collections were obtained during both the open-access Lcompetitives andCommunity Development euota LCDes seasons. All CDe vessels carried observers, as did allthose fishing Aleutian Islands golden king crabs and Pribilof Islands hair crabs. Observerdeployments during the Bristol Bay red king crab open-access season included all catcher-processors and limited numbers of catcher-only vessels, which together comprised just over 4rof the fishing fleet. 

Aerial Exposure Time 

On deck aerial e7posure times were measured for up to si7 pot catches randomly selected duringeach fishing day. E7posure times for crabs of the target species were recorded and from this group typically only the e7posure times of the non-retained catch, consisting of females and sub-legal or sub-market-sized males. E7posure times were categorized as follows: minimum ehposure a the recorded time interval beginning when a retrieved pot was lifted from the water and ending when the first non-retained crab was returned to the sea; and mahimum ehposure a the time interval beginning when a retrieved pot was lifted from the water and ending when the last non-retained crab was returned to the sea. Additionally, in each sampled pot crabs of the targetspecies were enumerated and subdivided into total retained and non-retained catch. Due to largenumbers of crabs per pot in the snow crab fishery, catch estimates were often made in lieu ofactual counts. 
Complete sample protocols and e7ample forms used to record aerial e7posure times are providedin Appendi7 A. 

Injury Assessment Sampling 

Pots selected for crab injury assessment sampling were also randomly chosen, with at least onepot sampled during each fishing day. Crabs assessed for handling-related injuries were all non-retained males and females of the target species that were sorted from retained crabs by thevessel crew. After crabs were removed from the pots they were enumerated and e7amined. Injurysampling procedures included visual inspection of the carapace, sternum, abdomen, co7a, andeach pereiopod. Injuries noted were categorized by anatomical reference and classified asomajorp or ominor pin nature. Minor injuries included punctures, cracks, or other shell damagewithout e7posure of integument, muscle, or vital organs. Major injuries were characterized byinternal tissues and viscera visible through damaged shells. Leg autotomies, unique from allother types of injuries, were categorized as minor in nature only because of the well documentedfact that crabs may voluntarily shed one or more limbs in combat or while fending off predatorsand self-cauterize the resultant wound. Sampled crabs were also assessed for vitality and 
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characterized as moribund, if not e7hibiting appendage movement when prodded, or dead, ifma7illiped movement was also not apparent. Ancillary data recorded for most crabs inspectedincluded measurement of carapace length Lcarapace width in snow and Tanner crabss and shell age. 
Complete sample protocols and e7ample forms used to record injury assessment data areprovided in Appendi7 B. 

Documentation of Vessel Catch Sorting Operations 

Methods and equipment utilized by vessel crews to sort pot catches e7amined for injuries weredocumented through a survey questionnaire completed by the onboard observer. The multiplechoice answers provided in the survey questions described the design and on-deck configurationof sorting equipment and various aspects relating to catch sorting practices, such as the sortingorder of retained and non-retained crabs, the means used to release non-retained crabs, andnumber of crewmembers participating in sorting operations. Tabulated results of completedsurveys for each season were used to create a profile of catch handling techniques commonlypracticed in the commercial fisheries. 
An e7ample questionnaire used for describing individual vessel sorting operations is provided inAppendi7 C with results in Appendi7 D. 

Data Analysis 

To e7amine the relationship between aerial e7posure times and total catches in sample pots, simplelinear regression using ordinary least-squares LNeter et al. 1983s was used to fit the linear model, 
Ymaximum aerial exposure = Po + P' LXtotal crabs per pots + E 

where the error, E, is assumed normally distributed with a mean 0. 
The regression model was applied to e7posure times and total catch counts recorded forindividual vessels and also to those pooled by fishing season. A coefficient of determination Lr2scomputed for each data set quantifies variation in e7posure times attributable to an appro7imatelinear relationship to total catch per pot. Interactive effects between vessel data sets were notconsidered in evaluating model output for each fishing season. Significance of the linear modelwas evaluated for each of the data sets by testing the null hypothesis: 

H� : P� = 0 

at level a = .05, and where ta12,n 2 = critical value of the t distribution at .05 and n-2 degrees of freedom. 
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RESULTS 

Bering Sea Snow Crab 

Open-Access Season 

More than 6,200 non-retained snow crabs from 159 sampled pots were assessed for injuriesduring the 66 d open-access snow crab season. Injury rates varied greatly among the nineobserved catcher-processors, ranging from 2.6r to 17.6r of crabs sampled LTable 1s. Combinedsamples from all vessels revealed that appro7imately 10r of the mean 39.3 non-retained crabsper pot received at least one injury prior to release. Crabs with two or more injuries comprised1.7r of the total. 
Injuries considered minor in nature predominated sampled crabs LFigure 1s. Autotomized legswere the most prevalent of all injuries, comprising 81r of the minor injury total and 67r of theall injuries LTable 2s. Other types of limb damage ranging from mildly bent, cracked andpunctured legs, to those severely crushed and torn, were the second most prevalent minor injuryand the most commonly observed major injury. E7cluding chela injuries Lminor in nature andthird most common in this categorys, other injuries combined comprised slightly over 20r of allinjuries. Minor and major sternum and minor co7a damage was not observed in any sampledcrabs.  Fewer than 0.5r of crabs e7amined for injuries were characterized as moribund or dead. 
Observed injury rates varied little among crab shell age groups. New-shell crabs were injured ata rate of 10.3r,  and old and very-old shelled crabs were injured at a rate of 11r. 
Data was to be collected only on the target species being fished  and since the Bristol Bay Tannercrab fishery has been closed since 1997, no injury data was anticipated. A number of observerscollected data opportunistically on Tanner crab caught during the Bering Sea snow crab fisheryeven though it was a non-target species. Injury data for Tanner crab caught during the openaccess and CDe Bering Sea snow crab fisheries can be found in Appendi7 E. The data ispresented for information purposes only and is not compared to other fisheries or discussedfurther in this document. 
Aerial e7posure times of non-retained crabs were measured from a total of 677 pots on catcher-processors. Mean ma7imum e7posure times of sorted and discarded crabs varied greatlybetween individual vessels, ranging from 1.3 to 9.1 minutes LTable 3s. Overall, mean ma7imumon deck e7posure time was 3.7 minutes. The median of ma7imum e7posure times by vessel andoverall is lower than the mean LTable 3s, reflecting the influence of a few abnormally largema7imum e7posure times on the mean. Mean catch of retained and non-retained snow crabs persampled pot was generally a poor predictor of mean ma7imum e7posure time. Even though apositive linear relationship between ma7imum aerial e7posure and total non-retained crabs perpot was significant for most vessels, meaningful relationships where the r2 values were s0.5e7isted for only 3 of the 10 observed catcher-processors LTable 3s. Scatter plots of data fromeach vessel with fitted lines from the regression models are illustrated in Figure 2. Analysis ofdata pooled from all vessels also revealed a significant linear relationship between e7posure timeand total crabs per pot, although a low r2 value of 0.02 suggested that little of the variation in 
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e7posure times was e7plained by the linear model LFigure 3s. Total number of crabs, by itself, isa poor predictor of ma7imum e7posure time for most vessels observed in this fishery. 
CDQ Season 

Only 2,105 crabs from 35 pots were sampled for injuries during the 34 d snow crab CDe season.However, greater than 18r of the 2,105 crabs e7amined were injured. Injury rates observed among the nine observed catcher-only vessels were highly variable, ranging from 3.9r to 23.2rLTable 4s. Crabs with more than one injury comprised just under 6r of the sample total. 
Most injuries were minor in nature LFigure 4s. Autotomized legs were again the most commontype of minor injury, comprising 39.9r of the sample. Other minor injuries consisted principallyof damaged rostrums LTable 5s. Of all injuries detected, those characterized as major comprised35.9r of the total. Severe leg injuries were the most commonly observed injury in this category.Minor sternum and co7a damage was not observed during the CDe season. Results of vitalityassessments were similar to those from the open access season with less than 1.5r of crabse7amined moribund and 0.5r dead. 
Variability in snow crab injury rates was small between shell age groups. New-shell, old-shelland very old-shell crabs incurred injuries at nearly the same rate: 17, 21, and 23 crabs per 100sampled, respectively. 
Crab aerial e7posure times were measured for 406 pots selected daily during the season. Similarto the open-access fishery, mean ma7imum e7posures of sorted and discarded crabs werevariable between vessels, with the mean ma7imum values ranging from 2.1 to 9.6 minutes LTable6s. At 5.1 minutes the overall mean ma7imum e7posure time for CDe vessels was higher thanthat for the open access fishery at 3.7 minutes. Median ma7imum e7posure times for individualvessels ranged from 2.0 to 6.9 minutes; overall median was 3.8 minutes. Although the overallmean catch per pot of retained snow crabs was higher in the CDe fishery Lat 156 compared to143 in the open access fisherys the mean catch rate of non-retained snow crabs in CDe samplepots was almost twice that of open access sample pots. Mean catch per pot of retained and non-retained snow crabs was highly variable between individual CDe vessels and did not appear tocorrespond to ma7imum mean aerial e7posure. A meaningful linear relationship, where the r2 

values were s0.5, e7isted between ma7imum aerial e7posure and total catch per pot e7isted fordata recorded on 8 of 20 vessels LTable 6s. Scatter plots and fitted regression lines for each dataset are provided in Figure 5. A scatter plot of the combined data for all vessels depicted in Figure6, indicated a high degree of variation in e7posure times was not directly attributable to total catch. The r2 value of 0.015 was similar to the 0.02 calculated for the open-access fishery. 

Aleutian Islands Golden King Crab 

Assessments of crab injuries and observations of aerial e7posure were recorded on allparticipating vessels during 115 d of the 123 d golden king crab season. Observers e7amined431 pots and 12,414 crabs for signs of major or minor body damage. Injury rates were similar tothose observed in the snow crab CDe fishery, ranging between 1.1r and 66.2r by vessel, and13.5r overall LTable 7s. Crabs with multiple injuries comprised just under 3r of the total sample. 
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Injuries recorded from sampled crabs were most commonly minor injuries with an average ofnearly four minor injuries noted for each major injury observed. Variability in this ratio betweenindividual vessels is illustrated by Figure 7. Most minor injuries consisted of broken rostrums,which afflicted 4r of crabs sampled and 31r of crabs with minor injuries LTable 8s. Injuries to the mid-section of the carapace were the second-most common injury. Of the 454 crabs withmajor injuries, 63.2r had severely damaged legs. Sternum injuries were the least common injuryobserved in either of the two categories. Moribund or dead crabs made up less then 0.02r of the total crabs e7amined. 
Pooled injury assessment samples were nearly evenly comprised of females and sublegal malecrabs, and overall injury rates for each se7 were very comparable at 13r and 14r of the sample totals. New-shell golden king crabs made up more than 98r of those shell aged and accordingly, 96r of those with injuries. Of the 54 crabs sampled with new-pliable shells, 44rwere injured as compared to 13r of new-shell crabs and 21r of old-shell crabs. 
Aerial e7posure times for non-retained golden king crabs in 1,514 pots randomly selected duringthe season were markedly lower than those observed in the snow crab fishery. The overall meanma7imum e7posure time from data combined for all 17 observed vessels was 2.4 minutesLmedian=1.7 minutess, and mean ma7imum e7posure times varied by more than 7 minutesbetween individual vessels LTable 9s. Overall catch per pot of retained crabs were also relativelylow at 9.9 with non-retained crabs almost four times higher at 37.1. Catch rates for individualvessels didnpt appear to strongly correspond to observed differences in mean ma7imum e7posuretimes, although data sets from 5 vessels revealed a substantial linear relationship betweenma7imum e7posure time and total crabs per pot. Regression lines fit to each of the data sets areshown in Figure 8. Combined data from all vessels, shows a significant relationship betweene7posure time and total crabs per pot, but a small r2 value L0.032s indicates total crabs by itself isa poor predictor of ma7imum e7posure time LFigure 9s. 

Pribilof Islands Hair Crab 

Observers sampled 210 pots during the 37 d hair crab fishery. Injury rates were highly variablebetween observed vessels, ranging between 0r and 11.8r LTable 10s. Crabs with two or moreinjuries comprised just under 1r of the total. Catch rates of non-retained hair crabs weree7tremely low by comparison to other observed fisheries, 0.1 crabs per sample pot. However,low numbers of sampled crab on some of the eight vessels participating in the fishery resulted inlow precision in estimates of injury rates. Overall injury rates for non-retained hair crabs werejust under 4r. Crabs with minor injuries were most prevalent in the non-retained catch,comprising 77r of the total injuries LTable 11s. Moribund or dead crabs, relatively rare incomparison to the total sample size, were observed three times. 
Although there was a catch ratio of about 3 males for each female hair crab in sample pots, therewas a 7 male to 1 female injury ratio. Injury rates by shell age group Lfrom a total of 208 shell-aged crabss, however, were somewhat disparate. shile just over 3r of new-shell crabs incurredinjuries, 10r of the old-shell crabs were damaged during handling. 
Mean ma7imum crab aerial e7posure times for non-retained hair crab catches in 222 potsselected during the season were just 1.0 minute overall, with a low of 27 seconds on one of the 
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eight observed vessels LTable 12s. Catch rates in sample pots of non-retained crabs weree7tremely low by comparison to other observed fisheries at less than one crab per pot. A usefullinear relationship of aerial e7posure with total catch per pot was found for one of the eightvessels observed Lr2 = 0.480s. In most cases a poor linear relationship was in part likely due tohigh variability in the sample data LFigure 10s. A regression line fitted to e7posure times andtotal catch for pots sampled on all vessels also failed to show a significant relationship betweenthe two variables LFigure 11s. 

Bristol Bay Red King Crab 

Open-Access Season 

Collection of handling injury statistics was continued during the 1999 Bristol Bay season, with109 pot catches sampled and total of 842 crabs e7amined on nine observed vessels during the 5 dseason. Although injury rates on a number of vessels were greater than 30r, the overall rate wasappro7imately 22r, which was almost double that recorded during the 1998 season LTable 13s.Numbers of non-retained crabs sampled per pot decreased from 44.9 in the 1998 season to 7.7crabs in 1999. Crabs with two or more injuries comprised slightly more than 3r of the total. Injuries characterized as minor were most commonly recorded, comprising 85.2r of all injuries.LTable 14s. Broken rostrums constituted the most prevalent injury overall; broken rostrums wereobserved in 133 of the 842 crabs sampled L16rs and accounted for 60r of total injuries.Carapace injuries were the second most common minor injury, followed by damaged legs, whichwere the most common major injury noted at 78.8r. Other major injuries frequently observedincluded damage to the mid-carapace section and cracked, punctured or crushed chelipeds. Atotal of one moribund and no dead crabs were noted in the catch samples. Comparison of injuryrates by injury type between individual vessels for sampled catches are provided in Figure 12. 
Shell age did not appear to be as significant a factor influencing the probability of injury for non-retained crabs in 1999. From a total 838 shell aged crabs, 21r of those with new-shells wereinjured compared to 26r of old-shell crabs, 36r of very old-shell crabs and 100r of newpliable shell crabs sampled received injuries. 
Crab aerial e7posure times were recorded for non-retained catches in 148 pots selected on allnine of the observed vessels. Mean ma7imum aerial e7posure time was 2.2 minutes LTable 15s.Mean ma7imum e7posure times for individual vessels varied only by 1.6 minutes. Regressionanalysis of the data sets showed substantial linear relationships between e7posure time and totalcatch per pot in si7 of nine catcher processors LTable 15s. Regression lines fit to each of the datasets are shown in Figure 13. As illustrated in Figure 14, e7posure times plotted against totalsample catches from all vessels also demonstrated a significant linear relationship between ther2two variables L =0.34; pe0.0001s. The low r2 value indicates the variable stotal crabse is a poor predictor of ma7imum e7posure time. 
CDQ Season 

Few pots were selected for injury assessment sampling from the eight vessels participating in the11d CDe season and, as a result, just 380 crabs were e7amined. Numbers of non-retained crabsper sample pot at 7.9 were similar to the 7.7 in the open-access season LTable 16s. Injuries were 
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recorded from 30.8r of the crabs sampled. Crabs with more than one injury made up 8.4r ofthe total and occurred in sampled catches on five of the eight observed vessels. The type andnumber of injuries noted for crabs sampled on individual vessels are shown in Figure 15. Similarto data results from the open-access season, most noted injuries were minor in nature and mostminor injuries consisted of broken rostrums LTable 17s. Mid and side carapace injuries were thesecond and third most prevalent minor injuries, each comprising appro7imately 11.5r of thetotal in this category. Major injuries, which occurred in 10.7r in all injured crabs, were alsopredominately damaged legs. Moribund or dead crabs were not observed in any of the samplepot catches. 
Of the crabs sampled, 378 were males and 2 were females.  Injury rates between shell-age groupswere similar with 31r of 353 new-shell crabs incurring injuries compared to 37r old-shell crabsand 20r of very old-shell crabs. 
Individual ma7imum mean aerial e7posure times were recorded for non-retained crabs from 91pots selected on 10 of the observed vessels. Although overall catches per sample pot of retainedcrabs were almost double those in pots sampled during the open-access season, the overall meanma7imum e7posure time was the same at 2.2 minutes LTable 18s. Mean ma7imum e7posure forindividual vessels ranged from 1.4 minutes to 2.9 minutes. E7posure times were linearly relatedto total crabs per pot with substantial r2 values in data sets from eight of the 10 vessels sampledLTable 18s. Scatter plots and regression lines fitted to each of the data sets are presented inFigure 16.  A regression line fitted to e7posure times pooled from all 10 vessels, shown in Figure17, was significant Lr2 = 0.719; p e0.0001s. In this fishery the total number of crabs per potaccounted for almost 72r of the variability in the ma7imum e7posure time. 

Catch Sorting 

Pot catch-sorting equipment and procedure questionnaires were completed for a total of 27different vessels participating in three of the si7 observed fisheries. shile methods andequipment varied for individual vessels and sometimes by fishery, certain items were observedand practices noted more frequently than others. These included: tables, rather than totes, fordepositing pre-sorted catches from pots; the use of pivot-legged tables moved under the vesselpot launcher for receiving catches and subsequently rotated back to the catch sorting area Lasopposed to hinged or one-piece hydraulic tables, which in some cases result in deposited catchesbeing mechanically sthrowne from one side of the table to the others; moving bycatch crabs byemployment of ramp structures or conveyor belts for this purpose; and the placement ofdiscarded catches into vessel scuppers manually or via ramps or conveyors Las opposed todumping crabs over the vesselps freeboard manually by hand or in totess. 
Sorting tables were present on 25 of the 27 observed vessels. shile crews of 13 vesselsemployed ramps or conveyors to move bycatch crabs to the waterps edge, the remaining 14 forwhich questionnaire responses were provided did so by hand carrying or placing them into totesLwhich were then dragged to the release areas. Methods of release of bycatch crabs on nearly allvessels surveyed consisted of placing them in scuppers, although crews on three vessels resortedto hand tossing discards over the side or dumping them from totes LAppendi7 Ds. 

9 



       

 

    
  

   
 

 
     

                

   

Survey results of methods for removing crabs from pots, likely a significant potential source ofinjury in some fisheries, indicated that mechanized equipment was most commonly employed forthis part of the process. Retrieved pots were routinely emptied on a majority of vessels by thepractice of dumping the contents onto the sorting platform using the hydraulic pot launcher.Crabs dumped from pots fell less than two feet to the sorting platform on 13 vessels and between two and four feet on 14 vessels. 
Aspects of sorting procedures relating to e7posure times of bycatch crabs included tallies ofcrewmembers participating in sorting and the order of priority for separating the retained andnon-retained catch. At least two of the crew sorted crabs on 11 of the vessels surveyed and threeof the crew sorted crabs on 11 of the vessels surveyed. Crews on more than 59 r of vessels retrieved retainable crabs from pot catches before removing and discarding bycatch crabs fromthe sorting platform. The release of bycatch crabs was prioritized on one vessel, while retainedor non-retained crabs appeared to be randomly sorted from the catch on the remaining ninevessels surveyed. 

DISCUSSION 

Results from three years of sample data LTables 19 and 20s indicate that injury types, rates andaerial e7posure times of bycatch crabs can be highly variable between fisheries and individualfishing vessels. The data suggest that factors causing injury or greater time on board vesselsinclude high catch and bycatch rates, timing of fishing seasons, and types of sorting procedures.Other prevailing circumstances, such as competition between harvesters, and weather may alsobe important. 
Directed catch and bycatch rates of crabs were e7pected to correlate strongly to ma7imum aeriale7posure based on the logical assumption that as crabs per pot increase, more time will berequired for catch sorting by vessel crews. Indeed, regression analysis by rhou L1996s of aeriale7posure versus catch rates recorded on a single vessel fishing Bristol Bay red king crabsproduced results corroborative to this assumption. However, as shown in data results from theobserved vessels, combined catch rates of retained and non-retained crabs appear to influenceaerial e7posure times in some fisheries, but not necessarily others. Significant correlationbetween the two variables was most apparent in the Bristol Bay red king crab CDe season.There was a relatively strong linear relationship between e7posure time and catch rates duringthe 1998 St. Matthew CDe blue king crab season. E7posure times were most poorly correlatedto catch rates in the Pribilof Islands hair crab fishery and the snow crab open access and CDefisheries. The Pribilof Islands hair crab fishery had the lowest overall and least variableindividual catch rates of retained and non-retained crabs and the snow crab fisheries had thehighest overall and most variable catch rates. 
Changes in mean catch rates between fisheries appeared to correspond somewhat to changes inmean ma7imum e7posure times. The highest mean ma7imum e7posure times occurred in theopen access and CDe snow crab seasons, each of which as mentioned previously also producedthe highest combined mean catch rates of retained and non-retained crabs. As might be e7pected,the lowest mean ma7imum aerial e7posure was recorded for the Pribilof Island hair crab fishery. 
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In 14 of the 16 fisheries and fishing seasons, e7cept the 1999 and 1998 CDe Bering Sea snowcrab, the mean ma7imum e7posure times were less than a 5 minute minimum e7posure timethreshold used for treatment groups in recent studies of handling mortality, limb loss and rightingresponse of Tanner crabs resulting from aerial e7posure and subsequent wind-chill effects Lrhouand Kruse 1998, Shirley 1998s. Study results indicated that for crabs subject to subzero wind-chill temperatures for at least 5 minutes, some mortality, limb loss, or reduced vigor could bee7pected. 
Differences in aerial e7posure times due to variable sorting practices and equipment used weredifficult to detect without further e7amination of the data. Additionally, association of the twovariables would likely be confounded by the observed differences in target species catch ratesbetween fisheries. Other factors also not considered, such as fished gear types, might alsoinfluence findings. An illustration of how such factors could complicate sample results can seenin the Pribilof hair crab fishery, where the lowest mean ma7imum e7posure time corresponded tothe least mechanized sorting operations. LIn contrast to other fisheries, nearly all hair crab vesselcrews removed their catches from pots by hand.s However, as noted previously catch rates ofhair crabs were also the lowest of all fisheries.  In addition, hair crab pots as defined in regulation are smaller and more lightweight than those typically used in other fisheries, and may also belonglined as opposed to being fished singly LADF&G 1999s. Accordingly, hair crab pots aretypically retrieved at relatively rapid rates, an operations detail which by itself may e7plain thereduction in aerial e7posure of bycatch crabs. sithout additional consideration of these andother potential variables, inferences relating aerial e7posure to sorting practices might beovervalued. 
A number of generalized statements can be made based on the results of injury assessmentsampling regarding the nature, e7tent, and probable causes of injuries inflicted on crabs duringhandling in the observed fisheries over three years of the study. In each case the overwhelmingpercentage of injuries observed were those defined in the study as minor. Major injuries wererare, and when observed often consisted of severely damaged walking legs. Bycatch crabsseldom incurred more than a single injury during handling, as those with multiple injuriescomprised less than 4 r of sample sizes in all fisheries and fishing seasons e7cept the 1999Bristol Bay red king crab CDe season. Autotomized legs were the most prevalent minor injuryinflicted on snow crabs and broken rostrums the most commonly recorded for red and goldenking crabs. However, it should also be noted that autotomized legs were one of the three mostcommon injuries in all fisheries and fishing seasons e7cept: the 1998 Pribilof Islands CDe redking crab; the 1999 Bristol Bay open access and CDe red king crab; and the Aleutian Islandsgolden king crab fisheries. New-shelled crabs typically suffered injuries at rates much lowerthan that of old and very old-shelled shelled crabs, all of which in some fisheries had damageinflicted prior to being released. Differences in injury rates due to variable sorting practices andequipment used are not easily detectable without further data collection and analysis. 
The predominance of damaged rostrums in king crabs corresponds to results of laboratorystudies conducted by rhou L1996s. Rostrum damage was most prevalent followed by carapacespine damage. Spine damage was not recorded for crabs sampled on observed vessels. Studyresults of rhou and Kruse L1998s and Shirley L1998s suggest that the prevalence of legautotomies in both of the snow crab fisheries may be the result of increased cold air e7posuredue to the winter timing of the fishing season. Observations of golden king crab handling 
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injuries, also made during the cold winter months, showed lower leg autonomy rates for thisspecies, which coincided with lower aerial e7posure times of crabs in pots selected for sampling. 
shen looking at the data collected from 1997 through 1999 there doesnpt seem to be a real trendbetween injury rates and fishery type Lopen access vs CDes as previously thought. The 1998Bering Sea open access snow crab and Bering Sea red king crab fisheries had a higher injury ratethat the CDe fisheries, but just the opposite was apparent in the 1999 fisheries where the CDefisheries had the highest injury rate. The reasonable assumption that the absence of competitionduring CDe seasons may lead to slower-paced harvesting, which in turn would result in morecareful handling of bycatch crabs and fewer injuries, does not hold true for both years. In mostcases the lower injury rate corresponded to a higher aerial e7posure time. Slower sorting mayhave resulted in fewer injuries. Further studies are needed to make any further conclusions concerning the injury rates between years,  fishing seasons and fisheries. 

12 



   

   
 

         

      

  

   
 

  

  
    

LITERATURE CITED
 

ADF&G LAlaska Department of Fish and Games. 1999. Commercial Shellfish Fishing Regulations,1999-2000 edition. Commercial Fisheries Management Division, Juneau. 
Kruse, G.H. 1993. Biological perspectives on crab management in Alaska. Pages 355-384 inD.M. Eggers, R.J. Marasco, C.Pautzke, and T.J. euinn, editors. Proceedings of theinternational symposium of management strategies for e7ploited fish populations. AlaskaSea Grant College Program Report 93-02, University of Alaska, Fairbanks. 
Neter, J., s. sasserman, and M. H. Kutner. 1983. Applied Linear Regression Models. Richard D. Irwin Inc., Illinois.  537p. 
Shirley, T.C. 1998. Crab handling mortality and bycatch reduction. in King and Tanner CrabResearch in Alaska: Annual Report for July 1, 1997 through June 30, 1998. AlaskaDepartment of Fish and Game, Commercial Fisheries Division, Regional Information Report 5J98-07, Juneau. 
Stevens, B.G. and R.A. MacIntosh. 1993. Preliminary results of the 1992 survival e7periment for crabs discarded from commercial pot fisheries. National Marine Fisheries Service,Alaska Fisheries Science Center, Unpublished memorandum.  January 1993. 
Tracy, D., and S. Byersdorfer. 2000. Summary of crab injury assessment and aerial e7posuresample results from selected 1998/1999 Bering Sea/Aleutian Islands king and tanner crab fisheries and the 1998 Pribilof Islands hair crab fishery. Alaska Department of Fish andGame, Commercial Fisheries Management Division, Regional Information Report 4K00-52, Kodiak. 
rhou, S. 1996. Handling effects, bait efficiency and pot behavior. Doctoral dissertation,University of Alaska-Fairbanks, Southeast School of Fisheries and Oceans. Juneau, Alaska. 
rhou, S., and T.C. Shirley. 1995. Effects of handling on feeding, activity and survival of red kingcrabs, Paralithodes camtschaticus LTilesis, 1815s. J. Shell. Res.14L1s:173-177. 
rhou, S., and G.H. Kruse. 1998. Crab handling mortality and bycatch reduction. in King andTanner Crab Research in Alaska: Annual Report for July 1, 1997 through June 30, 1998.Alaska Department of Fish and Game, Commercial Fisheries Division, RegionalInformation Report  5J98-07, Juneau. 

13 



Table 1.	 Observed body injuries of non-retained crabs in pot samples taken on nine catcher-processors during the 1999 Bering Sea snow crab open access season. 

Crabs Sampled Crabs With Injuries 
PercentNumber sampledPots Number Number Percent of with crab withVessel Sampled Total per pot Total per Pot Sample >1 injury >1 Injury 

A 8 323 40.4 33 4.1 10.2 3 0.9
B 24 366 15.2 45 1.9 12.3 13 3.6
C 43 2,188 50.9 216 5.0 9.9 42 1.9
 D 20 1,222 61.1 111 5.5 9.1 19 1.6
 E 27 845 31.3 149 5.5 17.6 15 1.8
 F 13 716 55.1 72 5.5 10.1 10 1.4
 G 11 287 26.1 11 1.0 3.8 0 0
H 10 267 26.7 7 0.7 2.6 1 0.4
J 3 31 10.3 5 1.7 16.1 2 6.5

Total 159 6,245 39.3 649 4.1 10.4 105 1.7 
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Table 2 . Major and minor body injuries of non-retained crabs examined in pots sampled on nine catcher-processors 

during the 1999 Bering sea snow crab open access season. 
VESSEL A B C D E F G H J 

Total 
Injury 

By Type 

Percent 
Minor

Injuries 

Percent
Total

Injuries 

% Crabs sampled 
 per pot
# Pots Observed 

100 
9 

100 
24 

100 95
43 20 

100 100
27 13 

96
11 

100
10 

100 
3 

MINOR INJURIES
Rostrum 
Carapace (middle) 
Carapace (side) 
Leg injury 
Leg-Autotomy 
Left chela
Right chela 
Chela-Autotomy 
Abdomen 
Sternum 
Coxa  

1
1
2
3
15 
4
4
0
0
0
0 

0
0
3
23 
0
0
1
0
0
0
0 

1 0
1 0
1 0
8 23

245 86
1 1
2 0
5 1
1 0
0 0 
0 0 

1 0
0 0
0 0
23 0
113 58
3 0
1 0
0 1
2 0
0 0 
0 0 

3
0
0
0
3
1
0
1
0
0
0 

1
0
0
0
0
0
0
0
0
0
0 

0
0
0
1
9
0
0
0
0
0
0 

7
2
6
81 
529 
10 
8
8
3
0
0 

1.1 
0.3 
0.9 
12.4 
80.9 
1.5 
1.2 
1.2 
0.5 
0
0 

0.9 
0.3 
0.8 
10.3 
67.3 
1.3 
1.0 
1

0.4 
0
0

Total Minor Injuries 30 27 265 111 143 59 8 1 10 654 83.2 

MAJOR INJURIES
Carapace (middle) 
Carapace (side) 
Leg injury 
Left chela
Right chela 
Abdomen 
Sternum 
Coxa 

0
0
7
1
0
0
0
0 

1
4
22 
2
7
3
0
0 

1 0
0 0
3 9
0 3
1 4
0 0
0 0
0 5 

13 0
2 1
2 9
3 3
3 10
2 0
0 0
0 0 

0
0
3
0
0
0
0
0 

0
0
4
4
0
0
0
0 

0
0
0
0
0
0
0
0 

15 
7
59 
16 
25 
5
0
5 

11.4 
5.3 
44.7 
12.1 
18.9 
3.8 
3.8 
0 

1.9 
0.9 
7.5 
2

3.2 
0.6 
0

0.6 
Total Major Injuries 8 39 5 21 25 23 3 8 0 132 16.8 
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Table 3. Linear relationship between maximum aerial exposure time and CPUE (crabs per pot)of retained and non-retained crabs combined in pots sampled on 10 catcher-processorsduring the 1999 Bering Sea snow crab open access season. 

MaximumExposureMean Crabs per Pot (minutes)Pots Non-VESSEL Sampled Netained Netained Mean  (Median) r2 value t p value
78 168.1 32.8  9.1       (4.6) 0.0001 0.1 0.926B

A 

93 87.9 24.2  3.7 (3.2) 0.179 4.4  <0.001Ca 98 201.7 54.5  3.5 (3.3) 0.537 10.6  <0.001D 78 141.4 88.3  2.1       (1.8) 0.418 7.4  <0.001E 68 123.7 21.6  2.1       (1.8) 0.034 1.5 0.135Fa 42 108.1 64.5  3.5 (3.0) 0.792 12.3  <0.001G 57 131.5 37.1   4.3  (4.3) 0.235 4.1  <0.001H 27 172.0 25.6   1.3  (1.1) 0.166 2.2 0.035 
aI 103 146.9 74.6  2.4  (2.1) 0.579 11.9  <0.001J 33 127.1 34.1  3.9 (3.5) 0.297 3.6 0.001

TOTALS 677 142.5 48.5  3.7 (2.9) 0.02 3.6  <0.001 

a Vessels where r2 values are >0.5 and showed a significant linear relationship betweenmaximum exposure time and total crabs per pot. 
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 Table 4. Observed body injuries of non-retained crabs in pot samples taken on nine catcher-onlyvessels during the 1999 Bering Sea snow crab CDp season. 

Crabs Sampled Crabs With Injuries 

PercentNumber sampledPots Number Number Percent of with crab withVESSEL Sampled Total per Pot per Pot  >1 injury Total Sample >1 injury 
A 2 220 110.0 49 24.5 22.3 17 7.7C 4 194 48.5 32 8.0 16.5 13 6.7D 1 77 77.0 3 3.0 3.9 0 0G 3 167 55.7 17 5.7 10.2 9 5.4H 9 556 61.8 129 14.3 23.2 37 6.7I 1 33 33.0 3 3.0 9.1 0 0O 6 545 90.8 96 16.0 17.6 22 4.0 P 4 157 39.2 29 7.2 18.5 26 16.6 p 5 201 40.2 33 6.6 16.4 1 0.5
Totals 35 2,105 60.1 391 11.2 18.6 125 5.9 
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Table 5. Major and minor body injuries of non-retained crabs examined in pots sampled on nine catcher-only vessels during the1999 Bering Sea snow crab CDp season. 

VESSEL A C D G H I O PV Crabs sampled
per pot# Pots Observed 

100 2 
100 4 

100 1 
100 3 

100 100 9 1 
100 6 

100 4 

p 

100 5 

TotalInjury By Type 

PercentMinor Injuries 

PercentTotalInjuries 

MINON INJUNIES 
NostrumCarapace (middle) Carapace (side)Leg injury Leg-Autotomy Left chela Night chelaChela-autotomy AbdomenSternumCoxa  

10 00144 002000 

10200000000 

00010010000 

10000010000 

49 04 00 03 078 10 02 00 01 00 00 0 

2710158012000 

11 00025120000 

00000000000 

99526206174100 

29.91.5 0.61.8 62.20.32.11.2 0.300 

19.2 1.0 0.41.2 39.90.21.4 0.80.200
Total Minor Injuries 57 3 2 2 137 1 90 39 0 331 64.1 

MAJOR INJURIESCarapace (middle) Carapace (side)Leg injury Left chela Night chelaAbdomenSternumCoxa 

00306000 

003732000 

10000000 

0018 60000 

3 01 015 20 05 03 01 01 0 

0015 110 200 

00932002 

022822000 

43127 15 27513 

2.21.6 68.68.114.6 2.70.51.6 

0.80.624.6 2.95.21.0 0.20.6
Total Major Injuries 9 42 1 24 29 2 28 16 34 185 35.9 
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Table 6.	 Linear relationship between maximum aerial exposure time and CPUE (crabs per pot)of retained and non-retained crabs combined in pots sampled on 20 catcher-onlyvessels during the 1999 Bering Sea snow crab CDp season. 

Mean Crabs per Pot  Maximum
Exposure
Pots
 (minutes)Vessel Sampled Netained Non-retained Mean  (Median) r2  value t p value
A 10 245.5 118.0   4.4 ( 3.6) 0.234 1.6 0.156 

Ba 4 210.0 173.8   4.6          (4.7) 0.995 20.0 0.002C 42 156.1 130.5   4.2  (3.2) 0.081 1.9 0.068D 7 150.0 97.1   4.3  (4.1) 0.378 1.7 0.142 Ea 29 167.1 153.3  3.2 (3.3) 0.747 8.9 <0.001Fa 20 123.5 97.3  2.7 (2.6) 0.741 7.2 <0.001G 18 100.1 78.3  2.1  (2.0) 0.317 2.7 0.015 H 40 166.4 82.8  7.6 (5.7) 0.086 1.9 0.065 
aI 8 218.8 58.1  6.6 (6.3) 0.540 2.7 0.038J 15 219.3 67.9   4.9  (5.2) 0.322 2.5 0.027J 42 170.9 47.5  9.6 (6.7) 0.018 0.9 0.391 
aL 14 132.1 131.4  3.9 (3.9) 0.835 7.8 <0.001Ma 10 158.0 116.0   4.2  (4.2) 0.454 2.6 0.033N 15 158.3 53.1  7.4  (5.2) 0.248 2.1 0.059O 39 130.6 104.0  5.6 (4.3) 0.011 -0.6 0.518 P 25 82.1 40.1   4.2  (3.5) 0.014 -0.6 0.567 pa 30 141.3 50.8  2.5 (2.4) 0.674 7.6 <0.001Na 19 193.4 108.7  3.2 (302) 0.637 5.5 <0.001S 11 155.7 53.8  7.1  (6.9) 0.001 -0.1 0.936T 8 253.8 87.5  5.2 (5.0) 0.034 0.5 0.661

TOTAL 406 156.4 89.5  5.1  (3.8) 0.015 2.4 0.015 

a Vessels where r2 values are >0.5 and showed a significant linear relationship betweenmaximum exposure time and total crabs per pot. 
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  Table 7. Observed body injuries of non-retained crabs in pot samples taken on 14 catcher-onlyvessels and one catcher-processor during the 1998p99 Aleutian Islands golden king crab fishery. 

Crabs Sampled Crabs With Injuries 

PercentNumber sampledPots Number Number Percent of with crab withVessel Sampled Total per Pot per Pot >1 injury Total Sample >1 injury 
A 37 402 10.9 46 1.2 11.4 9 2.2B 23 874 38.0 10 0.4 1.1 1 0.1C 22 2,740 124.5 134 6.1 4.9 11 0.4D 37 607 16.4 192 5.2 31.6 52 8.6E 33 599 18.2 75 2.3 12.5 8 1.3 F 39 727 18.6 50 1.3 6.9 5 0.7G 25 328 13.1 217 8.9 66.2 88 26.8H 11 297 27.0 70 6.4 23.6 8 2.7I 35 905 25.9 239 6.8 26.4 57 6.3J 30 1,232 41.1 152 5.1 12.3 22 1.8 J 28 433 15.5 13 0.5 3.0 3 0.7L 41 1,010 24.6 289 7.0 28.6 75 7.4M 8 66 8.3 25 3.1 37.9 10 15.1 N 31 1,473 47.5 113 3.6 7.7 10 0.7O 31 721 23.3 53 1.7 7.4 3 0.4
Totals 431 12,414 28.8 1,678 3.9 13.5 341 2.7 
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Table 8.	 Major and minor body injuries of non-retained crabs examined in pots sampled on 14 catcher-only vessels and one catcher-processor during the 1998p99 Aleutian Islands golden king crab fishery. 

VESSEL A B C D E F G H I J J L  M N OV Crabs sampledper pot# Pots Observed 
9637 

10023 
9022 

10037 
10033 

10039 
10025 

10011 
10035 

10030 
10028 

10041 
1008 

10031 
9331 

TotalInjuryby Type 

PercentMinorInjuries 

PercentTotalInjuries 

MINOR INJURIESNostrum Carapace (middle)Carapace (side)Leg injury Leg-Autotomy Left  chelaNight  chelaChela-Autotomy  Abdomen  Sternum  Coxa  

11 12 12 12000003 

4 27 31 25 28 80 33 74 75 7 53 12 38 241 16 109 9 1 94 4 47 47 0 72 4 3 42 10 10 4 6 92 17 67 22 0 100 13 20 40 28 15 3 3 12 2 33 5 1 18 3 2 160 29 9 9 3 1 0 15 5 3 13 0 17 40  1  1  0  0  0  1  1  0  0  0  0  0  00  0  3  0  0  0  1  0  0  0  0  0  0  00  1  0  0  0  1  0  0  0  0  0  0  0  00  0  9  0  0  5  0  5  3  2  5  0  0  00  1  0  0  0  0  0  0  0  0  0  0  0  00  0  9  0  0  5  0  8  0  0  54  0  0  0  

522423 379141110 44929  179  

30.7 24.9 22.3 8.3 6.5 0.2  0.2  0.5  1.7  0.1  4.6  

24.3 19.7 17.6 6.5 5.1 0.2  0.2  0.4  1.3  >0.1  3.7  
Total Minor Injuries 41 7 113 196 50 41 290 58 250 157 13 315 32 80 52 1695 79.2 

MAJON INJUNIES Carapace (middle)Carapace (side)Leg injury Left  chelaNight  chelaAbdomen  Sternum  Coxa  

202010200 

2 7 18 8 4 27 0 5 5 0 7 0 5 10 4 2 3 4 10 6 3 0 0 8 0 7 02 22 39 20 5 23 15 49 13 2 39 3 32 31 0 0 1 0 1 1 0 0 0 0 0 0 01 0 0 0 1 0 2 1 0 0 0 0 0 00 0 2 0 0 1 0 0 0 0 1 0 0 00 0 0 0 0 0 0 1 0 0 0 0 0 00 0 3 1 0 0 0 0 0 1 7 0 0 0 

9147 287556112  

20.0 10.4 63.2 1.1  1.1  1.3  0.2  2.7  

4.2 2.2 13.3 0.2  0.2  0.3  >0.1  0.6  
Total Major Injuries 25 6 33 64 33 14 62 24 59 18 3 62 3 44 4 454 21.2 
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Table 9.	 Linear relationship between maximum aerial exposure time and CPUE (crabs per pot)of retained and non-retained crabs combined in pots sampled on 16 catcher-onlyvessels and one catcher-processor during the 1998p99 Aleutian Islands golden king crab fishery. 

Maximum
Mean Crabs per Pot Exposure
Pots
 Non- (minutes)Vessel Sampled Netained retained   Mean  (Median) r2 Value t p value
A 112 15.1 19.3  3.4  (2.2) 0.346 7.6 <0.001Ba 89 8.9 20.8     1.0  (0.9) 0.495 9.2 <0.001C 60 5.6 96.3  8.5 (2.2) 0.003 -0.4 0.664D 106 6.9 17.8  2.0 (1.6) 0.380 8.0 <0.001E 49 10.6 38.0  2.3 (2.1) 0.059 1.7 0.092F 104 6.9 29.1  2.0 (2.0) 0.338 7.2 <0.001Ga 84 3.4 26.8  2.4            (1.3) 0.448 8.2 <0.001H 87 11.5 57.9  2.4            (1.9) 0.277 5.7 <0.001I 211 8.2 15.4  2.1            (1.5) 0.087 4.5 <0.001J 138 11.3 41.4  2.1            (1.8) 0.271 7.1 <0.001Ja 51 3.5 21.4  0.9 (0.7) 0.547 7.7 <0.001L 115 12.1 33.3  3.0 (2.5) 0.143 4.3 <0.001M 27 2.6 8.8     1.4            (1.1) 0.381 3.9 <0.001Na 107 17.5 113.2  2.1            (1.9) 0.734 17.0 <0.001O 112 11.1 21.9     1.7  (1.2) 0.115 3.8 <0.001Pa 28 11.6 5.7     1.6  (1.5) 0.468 4.8 <0.001 p 33 15.8 103.4  3.3 (3.0) 0.279 3.5 0.002
Totals 1,514 9.9 37.1  2.4            (1.7) 0.032 7.0 <0.001 

a Vessels where r2 values are >0.5 and showed a significant linear relationship betweenmaximum exposure time and total crabs per pot. 
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  Table 10. Observed body injuries of non-retained crabs in pot samples taken on eight catcher-only vessels during the 1999 Pribilof Islands hair crab fishery. 

Crabs Sampled Crabs With Injuries 

PercentNumber sampledPots Number Number Percent of with crab withVessel Sampled Total per Pot Total per Pot Sample >1 injury >1 injury 
A 38
 67
 1.8 2
 <0.1 2.9 0 0
B 15 17 1.1 1 <0.1 5.9 1 5.9
C 26 34 1.3 4 0.2 11.8 1 2.9
D 16 4 0.3 0 <0.1 0 0 0
E 43 3 <0.1 0 0 0 0 0
F 28 27 0.9 1 <0.1 3.7 0 0
G 28 39 1.4 0 0 0 0 0
H 16 18 1.1 0 0 0 0 0


Totals
 210
 209
 0.9 8
 <0.1 3.8 2
 0.9 
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Table 11. Major and minor body injuries of non-retained crabs examined in pots sampled on eight catcher-only 

vessels during the 1999 Pribilof Islands hair crab fishery. 
VESSEL A B C D E F G H
VCrabs sampled 

 per pot
# Pots Observed 

100 
38 

100 
15 

100 
26 

100 
16 

100 
43 

100 
28 

100 
28 

100 
16 

Total
Injury 

By Type 

Percent
Minor 
Injury 

Percent
Total

Injuries 
MINsR INJURIES 
Nostrum 
Carapace (middle)
Carapace (side) 
Leg injury 
Leg-Autotomy 
Left chela 
Night chela 
Chela-Autotomy 
Abdomen 
Sternum 
Coxa 

0
0
0
0
0
1
0
0
0
0
0 

0
0
0
2
0
0
0
0
0
0
0 

1
1
0
0
0
1
0
0
0
0
0 

0
0
0
0
0
0
0
0
0
0
0 

1
0
0
0
0
0
0
0
0
0
0 

1
1
0
1
0
0
0
0
0
0
0 

0
0
0
0
0
0
0
0
0
0
0 

0
0
0
0
0
0
0
0
0
0
0 

3
2
0
3
0
2
0
0
0
0
0 

30 
20 
0
30 
0
20 
0
0
0
0
0 

23.1 
15.4 

0
23.1 

0
15.4 

0
0
0
0
0

Total Minor Injuries 1 2 3 0 1 3 0 0 10 77 

MAJsR INJURIES 
Carapace (middle)
Carapace (side) 
Leg injury 
Left chela 
Night chela 
Abdomen 
Sternum 
Coxa 

0
0
0
1
0
0
0
0 

0
0
0
0
0
0
0
0 

2
0
0
0
0
0
0
0 

0
0
0
0
0
0
0
0 

0
0
0
0
0
0
0
0 

0
0
0
0
0
0
0
0 

0
0
0
0
0
0
0
0 

0
0
0
0
0
0
0
0 

2
0
0
1
0
0
0
0 

66.7 
0
0

33.3 
0
0
0
0 

15.4 
0
0

7.6 
0
0
0
0

Total Major Injuries 1 0 2 0 0 0 0 0 3 23 
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Table 12.	 Linear relationship between maximum aerial exposure time and CPUE (crabs per pot)of retained and non-retained crabs combined in pots sampled on eight catcher-onlyvessels during the 1999 Pribilof Islands hair crab fishery. 

Maximum
Mean Crabs per Pot Exposure
Pots
  (minutes)Vessel Sampled Netained Non-retained Mean  (Median) r2  Value t p value
A 40 2.9 0.2  0.5 (0.3) 0.016 -0.8 0.439 B 24 1.4 0.3  0.6 (0.5) 0.398 3.8 0.001Ca 27 2.1 0.4   1.1          (1.0) 0.480 4.8 <0.001D 24 1.8 2.4   1.0  (1.0) 0.121 1.7 0.095E 34 2.1 1.3  2.5 (0.9) 0.056 -1.4 0.176 F 27 1.4 1.9  0.4  (0.4) 0.029 0.9 0.399G 28 1.1 0.4  0.7 (0.5) 0.193 -2.5 0.019 H 18 2.6 0.3  0.6 (0.6) 0.024 0.6 0.542 

TOTAL 222 2.0 0.9   1.0  (0.5) 0.001 -0.4 0.695 

a Vessels where r2 values are >0.5 and showed a significant linear relationship between maximumexposure time and total crabs per pot. 
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  Table 13.	 Observed body injuries of non-retained crabs in pot samples taken on nine catcher-processors during the 1999 Bristol Bay red king crab open access season. 

Crabs Sampled Crabs with Injuries 
PercentNumber sampledPots Number Number Percent of  with crab withVessel Sampled Total per Pot Total per pot Sample  >1 injury >1 injury 

A 10 42 4.2 4 0.4 9.5 0 0B 11 102 9.3 31 2.8 30.4 9 8.8C 7 103 14.7 11 1.6 10.7 0 0D 10 142 14.2 65 6.5 45.8 8 5.6E 11 64 5.8 24 2.2 37.5 7 10.9 F 11 89 8.1 10 0.9 11.2 2 2.2G 10 57 5.7 24 2.4 42.1 1 1.8 H 24 131 5.5 4 0.2 3.1 0 0I 15 112 7.5 11 0.7 9.8 1 0.9
Total 109 842 7.7 184 1.7 21.9 28 3.3 
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Table 14. Major and minor body injuries of non-retained crabs examined in pots sampled on nine catcher-

processors during the 1999 Bristol Bay red king crab open access season. 

VESSEL 
V Crabs sampled 

per pot
# Pots Observed 

A 

100 
10 

B 

100 
11 

C 

100 
7 

D 

100 
10 

E 

100 
11 

F 

100 
11 

G 

100 
10 

H 

100 
24 

I 
100 
15 

Total
Injury 

By Type 

Percent
Minor 

Injuries 

Percent
Total

Injuries
MINOR INJURIES
Nostrum 
Carapace (middle)
Carapace (side) 
Leg injury 
Leg-Autotomy 
Left chela 
Night chela
Chela-Autotomy 
Abdomen 
Sternum 
Coxa 

3
0
0
0
0
0
0
0
0
0
0 

26
5
3
4
0
0
0
1
0
0
0 

6
0
0
1
2
0
0
0
0
0
0 

55 
4
0
3
1
0
0
0
0
1
0 

20 
8
8
1
0
0
0
0
0
0
0 

4
3
0
0
0
0
0
0
0
0
0 

13 
4
2
1
1
0
0
0
1
0
0 

0
0
0
0
0
0
0
0
0
0
0 

6
0
0
0
1
1
1
0
0
0
0 

133 
24 
13 
10 
5
1
1
1
1
1
0 

70.2 
12.6 
6.8 
5.3 
2.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0 

59.6 
10.8 
5.8 
4.5 
2.2 
0.45 
0.45 
0.45 
0.45 
0.45 

0
Total Minor Injuries 3 39 9 64 37 7 22 0 9 190 85.2 

MAJOR INJURIES
Carapace (middle)
Carapace (side) 
Leg injury 
Left chela 
Night chela
Abdomen 
Sternum 
Coxa 

0
0
1
0
0
0
0
0 

1
0
0
0
0
0
0
0 

1
0
1
0
0
0
0
0 

1
0
11 
0
0
0
0
0 

0
0
1
0
0
0
0
0 

0
0
5
0
0
0
0
0 

1
1
2
0
0
0
0
0 

0
0
3
0
1
0
0
0 

0
0
2
0
1
0
0
0 

4
1

26
0
2
0
0
0 

12.1 
3

78.8 
0

6.1 
0
0
0 

1.8 
0.4 
11.7 

0
0.9 
0
0
0

Total Major Injuries 1 1 2 12 1 5 4 4 3 33 14.8 
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Table 15.	 Linear relationship between maximum aerial exposure time and CPUE (crabs perpot) of retained and non-retained crabs combined in pots sampled on nine catcher-processors during the 1999 Bristol Bay  red king crab open access season. 

Mean Crabs per Pot   Maximum ExposurePots  (minutes)Vessel Sampled Netained Non-retained  Mean  (Median) r 2 Value t p value
A 15 9.0 4.3  2.9 (2.1) 0.078 1.1 0.312 Ba 15 16.0 11.3  2.7 (2.8) 0.777 6.7 <0.001C 15 10.1 5.3     1.4          (1.5) 0.145 1.5 0.162 Da 17 53.3 8.5  2.3 (1.7) 0.613 4.9 <0.001Ea 15 8.3 4.1     1.7  (1.4) 0.719 5.8 <0.001Fa 11 25.2 14.8  2.9 (3.1) 0.938 11.7 <0.001Ga 15 12.0 6.0     1.3  (1.3) 0.796 7.1 <0.001H 15 7.6 6.1  2.0 (1.7) 0.364 2.7 0.017 
aI 30 10.3 10.9  2.6 (2.3) 0.747 9.1 <0.001

Total 148 16.5 8.0  2.2 (1.9) 0.341 8.7 <0.001 

a Vessels where r2 values are >0.5 and showed a significant linear relationship betweenmaximum exposure time and total crabs per pot. 
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 Table 16.	 Observed body injuries of non-retained crabs in pot samples taken on eightcatcher-only vessels during the 1999 Bristol Bay red king crab CDp season. 

Crabs Sampled Crabs With Injuries 
PercentNumber sampledPots Number Number Percent of with crab withVessel Sampled Total per Pot Total per Pot Sample >1 injury >1 injury 

A 4 25 6.3 5 1.3 20.0 0 0B 4 18 4.5 11 2.8 61.1 5 27.8C 6 56 9.3 4 0.7 7.1 0 0D 2 13 6.5 3 1.5 23.0 1 7.7E 18 69 3.8 24 1.3 34.8 4 5.8F 2 17 8.5 2 1.0 11.8 0 0G 4 100 25.0 30 7.5 30.0 3 3.0H 8 82 10.3 38 4.8 46.3 19 23.1
Total 48 380 7.9 117 2.4 30.8 32 8.4 
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Table 17. Major and minor body injuries of non-retained crabs examined in pots sampled on eight


   catcher-only vessels during the 1999 Bristol Bay red king crab CDp season.
 
VESSEL 
V Crabs sampled 

per pot
# Pots Observed 

A 

100 
4 

B 

100 
4 

C 

100 
6 

D 

100 
2 

E 

100 
18 

F 

100 
2 

G 

100 
4 

H 

100 
8 

Total
Injury 

By Type 

Percent
Minor
Injuries 

Percent
Total

Injuries 
MINsR INJURIES 
Nostrum 
Carapace (middle)
Carapace (side)
Leg injury 
Leg-Autotomy 
Left chela 
Night chela
Chela-Autotomy 
Abdomen 
Sternum 
Coxa 

3
0
0
0
1
0
0
0
0
0
0 

5
0
7
3
0
0
0
0
0
0
0 

2
0
0
1
0
0
0
0
0
0
0 

0
0
0
0
2
0
0
0
0
0
0 

14 
6
4
0
0
0
0
0
0
0
0 

0
0
0
0
0
0
1
0
0
0
0 

24 
0
0
6
0
0
0
0
0
0
0 

47 
10 
6
0
0
0
0
0
0
0
0 

95
16 
17 
10 
3
0
1
0
0
0
0 

67.0 
11.3 
11.9 

7
2.1 
0

0.7 
0
0
0
0 

59.8 
10.1 
10.7 
6.2 
1.9 
0

0.6 
0
0
0
0

Total Minor Injuries 4 15 3 2 24 1 30 63 142 89.3 

MAJsR INJURIES
Carapace (middle)
Carapace (side)
Leg injury 
Left chela 
Night chela
Abdomen 
Sternum 
Coxa 

0
0
1
0
0
0
0
0 

0
0
2
0
0
0
0
0 

0
0
1
0
0
0
0
0 

0
0
2
0
0
0
0
0 

0
0
4
0
0
0
0
0 

0
0
0
0
1
0
0
0 

0
0
4
0
0
0
0
0 

1
0
1
0
0
0
0
0 

1
0
15 
0
1
0
0
0 

5.9 
0

88.2 
0

5.9 
0
0
0 

0.6 
0

9.5 
0

0.6 
0
0
0

Total Major Injuries 1 2 1 2 4 1 4 2 17 10.7 
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Table 18.	 Linear relationship between maximum aerial exposure time and CPUE(crabs per pot) of retained and non-retained crabs combined in pots sampledon 10 catcher-only vessels during the 1999 Bristol Bay red king crab CDpseason. 

Mean Crabs per Pot   MaximumExposurePots  (minutes) p valueVessel Sampled Netained Non-retained Mean  (Median) r2 Value t
Aa 7 37.0 1.7   1.9  (1.6) 0.959 10.8 <0.001Ba 8 16.1 4.9   1.6  (1.6) 0.523 2.6 0.043 Ca 10 40.5 12.9  2.7 (2.3) 0.890 8.1 <0.001D 11 10.9 2.8   1.7  (1.4) 0.392 2.4 0.039Ea 14 21.8 2.4   1.4        (1.2) 0.675 5.0 <0.001Fa 6 31.3 5.2  2.0 (2.1) 0.828 4.4 0.012 Ga 8 36.5 19.3  2.9 (2.6) 0.551 2.7 0.035Ha 19 42.9 9.6  2.6 (2.4) 0.798 8.2 <0.001 
aI 4 40.5 6.3  2.9 (3.1) 0.932 5.2 0.034J 4 32.0 23.0  2.3 (2.5) 0.005 -0.1 0.929

Total 91 30.8 8.0  2.2 (2.0) 0.719 15.1 <0.001 

a Vessels where r2 values are >0.5 and showed a significant linear relationship betweenmaximum exposure time and total crabs per pot. 
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Table 19.  Percentage of major and minor body injuries of crabs examined in pots sampled by fishery and year (1997-1999).

 % Total Injury 
 Bering Sea
 Open access
 Snow crab

1998 1999 

 % Total Injury 
 Bering Sea
 CDQ
 Snow crab

1998 1999 

 % Total Injury
  Aleutian Islands
 Open access
 Golden king crab

1997/98 1998/999 

 % Total Injury
 St. Matthew
 Open access
  Blue king crab

1998 1999 

 % Total Injury 
 St. Matthew 
 CDQ
  Blue king crab

1998 1999 

% Total Injury 
 Pribilof
 Hair crab

1998 1999 

 %Total Injury 
Bristol Bay 

 Open access 
 Red king crab 

1997 1998 1999 

  % Total Injury 
     Bristol Bay 
           CDQ 
 Red king crab 

1998 1999 

    % Total Injury 
          Pribilof
         CDQ
   Red king crab 

1998 1999 

Total Crab Sampled 

MINOR INJURIES 

Rostrum 

Carapace (middle) 

Carapace (side) 

Leg injury 

Leg-Autotomy 

Left chela 

Right chela 

Chela-Autotomy 

Abdomen 

Sternum 

Coxa 

14,399 8,388 

6.1 4.7
0.6 0.3
0.9 1.2
12 11.4
59 57.2
4.3 1.7
3.9 1.0
0.3 1.1
0.2 0.5
0.6 0
1.1 0 

29,170 3,260 

5.5 22.5
1.3 1.2
1.4 0.5
9.0 6.6
71.3 34.6
1.6 0.3
2.2 0.9
1.2 1.2
0 0.2
0.6 0
0.5 0 

4,697 12,414 

23.9 24.3
14.4 19.7
12.9 17.6
12.6 6.5
8.6 5.1
0.3 0.2
0.1 0.2
2.2 0.4
0.3 1.3
0.5 >0.1
2.2 3.7 

354 

33.4
7.4 NO

3.7 Fishery

11.1
11.1
3.7
0
0
0
0
7.4 

166 

23.5
0 NO

0 Fishery

17.7
52.9
0
0
5.9
0
0
0 

480 209 

2.6 23.1
23.1 15.4
5.1 0
23.1 23.1
9.0 0
2.6 15.4
3.8 0
1.3 0
2.6 0
0 0
1.3 0 

1,569 5,305 842 

41.2 48.7 59.6 
5.1 5.8 10.8
6.6 2.1 5.8
8.9 8.8 4.5
8.9 13.3 2.2
3.5 0.7 0.45
5.1 1.4 0.45
0 1.3 0.45
0.4 0.4 0.45
0.4 0.1 0.45
3.1 0.8 0 

837 380 

33.3 59.8
4.4 10.1
0 10.7

11.1 6.2
17.8 1.9
2.2 0
0 0.6
8.9 0
0 0
0 0
0 0 

50 

64.4
0 NO

14.3 Fishery

0
0
0
7.1
0
0
0
0 

% Minor Injuries 89.1 79.1 94.8 68.0 78.0 79.0 77.8 100.0 74.4 77 83.3 83.6 85.2 77.8 89.3 85.8 

MAJOR INJURIES 

Carapace (middle) 

Carapace (side) 

Leg injury 

Left chela 

Right chela 

Abdomen 

Sternum 

Coxa 

0.8 1.8
1.4 1.0
3.8 11.1
1.1 2.1
0.9 3.8
0.3 0.5
0.6 0
2.0 0.6 

0.4 0.6
0.4 0.6
2.6 22.0
0.8 2.6
0.6 4.6
<0.1 0.8
0.2 0.2
0.2 0.6 

3.7 4.2
4.2 2.2
12.1 13.3
0 0.2
0.3 0.2
1.0 0.3
0.3 >0.1
0.4 0.6 

0
0

11.1
3.7
0.0
3.7
0
3.7 

0
0
0
0
0
0
0
0 

1.3 15.4
0.0 0
15.4 0
1.3 7.6
7.7 0
0 0
0 0
0 0 

2.3 1.7 1.8
0.4 0.7 0.4
10.5 8.6 11.7
1.6 1.4 0.0
0.8 1.0 0.9
0 1.3 0
0 0.6 0
1.2 1.3 0 

2.2 0.6
2.2 0
13.3 9.5
0 0
0 0.6
2.2 0
2.2 0
0 0 

7.1
7.1
0
0
0
0
0
0 

% Major Injuries 10.9 20.9 5.2 32.0 22.0 21.0 22.2 0 25.6 23.0 16.7 16.4 14.8 22.2 10.7 14.2 
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Table 20. Linear relationship between maximum aerial exposure time and CPUE (crabs per pot) of retained and non-retained crabs combined in pots sampled  on all vessels during 19 fisheries from 1997-1999. 

Pots Mean Crabs per Pot Mean MaximumFISHENY YEAN Sampled Exposure r�Netained Non-retained (minutes) Value
Bering Sea  Snow Crab a 1998 1,548 205.6 61.2 4.4 0.03Bering Sea  Snow Crab a 1999 677 142.5 48.5 3.7 0.02Bering Sea  Snow Crab b 1998 1,014 199.9 134.2 6.1 0.03Bering Sea  Snow Crab b 1999 406 156.4 89.5 5.1 0.015 Aleutian Is. Golden Jing Crab 1997p98 790 7.5 22.7 2.0 0.16 Aleutian Is. Golden Jing Crab 1998p99 1,514 9.9 37.1 2.4 0.032St Matthew Blue Jing Craba 1998 49 4.9 12.6 2.9 0.13 St Matthew Blue Jing Craba 1999 -NO FISHENY-St Matthew Blue Jing Crabb 1998 35 11.4 8.8 1.7 0.41 St Matthew Blue Jing Crabb 1999 -NO FISHENY-Pribilof Islands Hair Crab 1998 304 2.0 1.8 1.0 <0.01Pribilof Islands Hair Crab 1999 221 2.0 0.9 1.0 0.001Bristol Bay Ned Jing Craba 1997 225 14.2 24.0 2.8 0.29Bristol Bay Ned Jing Craba 1998 362 18.1 74.5 3.0 0.28Bristol Bay Ned Jing Craba 1999 148 16.5 8.0 2.2 0.34Bristol Bay Ned Jing Crabb 1998 48 24.6 36.6 3.0 0.12 Bristol Bay Ned Jing Crabb 1999 91 30.8 8.0 2.2 0.719 Pribilof Is. Ned Jing Crabb 1998 13 0.6 3.0 4.0 0.23Pribilof Is. Ned Jing Crabb 1999 -NO FISHENY-

a Open-access season 
b CDp season 
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Figure 1. Major and minor body injuries of non-retained crabs examined in pots sampled on nine catcher-only �essels duringthe 1999 Bering Sea snow crab open access season. 
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Figure 2. Fitted line plots for maximum aerial exposure times and total crabs per pot from samples
 taten on 1p catcher-only �essels ra-Je during the 1999 Bering Sea snow crab open access
  season. 
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Appendix A. Alaska Department of Fish and Game aerial exposure sampling instructions.
 

Daily or cumulative sampling goals for measuring the aerial exposure times of sample pot catches will be provided during briefings or in shipboard instruction manuals.  Pots will be randomly selected for this purpose.Aerial exposures will only be measured for non-retained crabs of the target species - unless retained (legal-sized) crabs comprise the entire pot contents. Non-retained crabs are sublegal male and female crabs of the target species; do not include fish, non- target crabs or other invertebrates in the measured exposure time interval.  Sampling will comprise objective observations; under no circumstances will accurately 
measured exposure times be discounted - especially due to situations which result in a perceived extension in the time "normally" spent on deck by non-retained crabs (e.g. accelerated fishing activity, pot stacking, etc.). In order to maintain an objective sampling environment, exposure times should be recorded without the knowledge of the vessel crew whenever possible.  Record data for each category asspecified below. 
Species code:  The target species being sampled; refer to the list of species codes provided in the "ADF&G Shellfish Observer Field Manual". 
Fishery code:  The 4-character alpha/numeric code provided during briefing for the fishery being sampled. 
Observer code:  Leave this column blank, unless instructed otherwise during briefing. 
Vessel ADF&G #:  Refer to the vessel registration or the list of vessel numbers provided in the "ADF&G Shellfish Observer Field Manual". 
Sequential Pot Number:  Unique and distinct from bycatch sample pot numbers and injury assessment sample pot numbers. Begin with the number one (1); the last sequential pot number reflects the total number ofobservations made for the purpose of measuring aerial exposures. 
Exposure times:  All exposure times will recorded in whole seconds only (do not record minutes and seconds). 
Minimum: The time interval beginning when a retrieved pot comes out of the water and ending when the firstnon-retained crab is returned to the sea OR, if the entire catch contents are retained crabs, when the firstretained crab is placed in the holding tank. 
Maximum: The time interval beginning when a retrieved pot comes out of the water and ending when the lastnon-retained crab is returned to the sea OR, if the entire catch contents are retained crabs, when the lastretained crab is placed in the holding tank. 
Number of Retained Crabs:  The total number of retained crabs of the target species in the pot.  Estimates are acceptable, but only when accurate counts are unobtainable, and must be noted on the data form. 
Estimated (Est.):  Check the box in this column if the number of retained crabs is estimated. Leave this boxblank if actual counts of retained crabs in the pot are obtained. 
Total Crabs:  The total number of crabs - retained and non-retained - of the target species in the pot.Estimates are acceptable, but only when accurate counts are unobtainable, and must be noted on the data form. 
Estimated (Est.):  Check the box in this column if the total number of crabs is estimated. Leave this box blank if actual counts of total crabs in the pot are obtained. 

61 



 

             
        
  
                           

             

             
 

       
             

                    
                            

                                
  

        
                         

                  
             

Appendix B. Alaska Department of Fish and Game injury assessment sampling instructions.
 

Species code: The 3-digit code provided in the "ADF&G Shellfish Observer Field Manual" for the target crab
 species being sampled.
 
Fishery code: The 4-character alpha-numeric code provided during briefing for the fishery being sampled.
 
Observer code: Leave blank.
 
Sequential pot #: Unique and distinct from bycatch sample pot number. Begin with the number one (1); the last
sequential pot number recorded reflects the total number of pots sampled for injury assessment during the vessel
 deployment.
 
No. of crabs sampled/sample total: The number of crabs measured and assessed for injuries vs. the total number of
 crabs in the pot. Leave blank if sub-sampling does not occur.
 
Carapace length/width (CL/CW): The biological measurement (CL = mid-posterior to right eye orbit; CW = greatest
 width not including peripheral spines).
 
Shell age: 0 = soft 9 = new-pliable 1 = new 2  = old 3 = very old
 

Vitality: Assess all sampled crabs for vitality and record the appropriate code as follows:
 
blank - Leave field blank if crab is alive and exhibiting movement of appendages either spontaneously or when
 prodded. 

1 - Moribund (alive but inactive, i.e. not exhibiting appendage movement even when prodded, but mouth parts are moving either spontaneously or when flicked at e-10 second intervals. 
2 - Dead (i.e. no movement of appendages even when prodded; no movement of mouth parts, even when prodded. Presence or severity of injuries is not a criterion of whether or not a crab is dead. Injuries: 

Examination of each crab measured will include a visual assessment of the carapace, sternum, abdomen, coxa (or"shoulders"), and each leg (refer to the generic anatomy diagram provided). Record all injuries observed on each sampled crab using the following codes. (Notec there can be multiple injuries per individual crab.) 
blank - No injuries observed. 
minor injuries: 

1 - Rostrum - this prominent carapace feature breaks off frequently during handling. 
2 - Carapace (middle) - punctures, cracks, or other damage to the middle section of the carapace over vitalorgans where integument (new skin) or other tissue isnat visible as a result of the injury.
 3 - Carapace (side) - punctures, cracks, or other damage to the periphery of the carapace over the gill region where integument or other tissue isnat visible as the result of the injury.
 4 - Leg injury - punctures cracks or damage to any of the walking legs where integument or other tissue isnat visible as the result of the injury. 

-Continued-
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Appendix B.  (page 2 of 2)
 

5 - Leg autotomy - an autotomy is a clean break at a walking leg joint where no blood is lost and no ragged flesh is exposed (a smooth concave surface is seen at the autotomioed joint).
 6 - Left chela - punctures, cracks or any damage to the left chela (claw) where integument or other tissue isnat visible as the result of the injury.
 7 - Right chela - punctures, cracks, or any damage to the right chela where integument or other tissue isnat visible as the result of the injury.
 8 - Chela autotomy - an autotomy is a clean break at the chela leg joint where no blood is lost and no ragged flesh is exposed (a smooth concave surface is seen at the autotomioed joint).
 9 - Abdomen - any punctures, cracks or damage to the ventral abdominal flap where integument or other tissue isnat visible as the result of the injury. 
10 - Sternum - any punctures, cracks or damage to the ventral surface around the abdomen(not including the any part of the legs) where integument or other tissue isnat visible as the result of the injury. 
11 - Coxa ("shoulder") - punctures, cracks or any damage to the first leg segment closest to the body where integument or other tissue isnat visible as the result of the injury. 
major injuries: 
12  - Carapace (middle) - punctures, cracks, or other damage to the middle section of the carapace over vitalorgans where integument or other tissue is clearly showing through or protruding from the injury site (i.e., you can see tissue). 
13 - Carapace (side) - punctures, cracks, or other damage to the periphery of the carapace over the gill regionorgans where integument or other tissue is clearly showing through or protruding from the injury site (i.e., you can see tissue). 
14 - Leg injury - punctures cracks or damage to any of the walking legs organs where integument or other tissue is clearly showing through or protruding from the injury site (i.e., you can see tissue). 
15 - Left chela - punctures, cracks or any damage to the left chela (claw) where integument or other tissue is clearly showing through or protruding from the injury site (i.e., you can see tissue). 
16 - Right chela - punctures, cracks, or any damage to the right chela where integument or other tissue is clearly showing through or protruding from the injury site (i.e., you can see tissue). 
17 - Abdomen - any punctures, cracks or damage to the ventral abdominal flap where integument or other tissue is clearly showing through or protruding from the injury site (i.e., you can see tissue). 
18 - Sternum - any punctures, cracks or damage to the ventral surface around the abdomen(not including the any part of the legs) where integument or other tissue is clearly showing through or protruding from the injury site (i.e., you can see tissue). 
19 - Coxa ("shoulder") - punctures, cracks or any damage to the first leg segment closest to the body where integument or other tissue is clearly showing through or protruding from the injury site (i.e., you can see tissue). 
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Appendix C. Alaska Department of Fish and Game vessel catch sorting equipment andprocedures questionnaire. 

Fishery 

Code 

Observer 
Code 

Vessel 
ADF&G No. 

Dep oyment tes 
from to 

Mo. Day Yr. Mo. Day Yr. 

Da

Catch sorting equipment and configurationc 
1. Are the contents of fished pots typically placed into totes or onto a sorting table? 

a. sorting table b. totes*
 

*Skip to Question e.
 
2. What is the design of the sorting table? 

a. pivot leg b. hydraulic - c. hydraulic - d. other* one piece hinged/split
 
*Describe in the 'commentsa section.
 

3. Are there slide ramps or conveyers used in conjunction with the sorting table for the purpose of placing sorted crabs overboard and/or in the holding tanks? 

a. yes b. no 

4. If the answer to Question 3 is 'yesa, indicate which of the above devices are used on your vessel. 
a. slide ramp b. conveyer c. other* 

*Describe in the 'commentsa section. 
Catch sorting and handling methodsc 
e. Before placing retrieved pots in the hydraulic launcher (or otherwise bringing each one aboard), does the crew routinely swing them against the outside of the vessel hull in order to knock the catch contents to one end? 

a. yes b. no 

6. Is the catch typically "shaken out" of each pot by use of the hydraulic launcher, or does the crew remove the pot contents by hand? 

a. catch removed with launcher b. catch removed by hand 

-Continued-

Observer name                Vessel name               
l
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Appendix C.  (page 2 of 2)
 

7.	 If the pot contents are emptied by use of the launcher or other platform, what is the estimated distance crabs fallfrom the pot onto the sorting table or into totes? 

a. less than 2 feet b. 2 to 4 feet c. greater than 4 feet 
8.	 If your vessel does not use a sorting table, or does not use slide ramps or conveyors to transport the catch contentsoff the sorting table, are non-retained crabs typically returned to the sea by being thrown or dropped over the sideof the vessel, or does the crew normally place bycatch in the discard chutes (scuppers)? 

a. catch over the side b. catch in discard chutes 
9.	 How many crewmembers usually participate in sorting the catch? 

a. one b. two c. greater than two 

10. Which of the following are usually sorted and removed from the pot contents by the crew first? 

a. retained crabs b. bycatch crabs 
Comments: 

Fishery code: The 4-character alphanumeric code provided during briefing for the fishery being observed. 
Observer code: Leave blank.X 

Vessel ADF&G #:  Refer to the vessel registration or the list of vessel numbers provided in the "ADF&G Shellfish Observer Field Manual". 
Deployment dates: The date of briefing and the date of debriefing for the fishery being observed. 
Questions: 
Preliminary results from crab injury assessment sampling conducted by observers in 1997 indicate that a great deal of variance in injury rates exists between individual vessels. In order to gain further insight as to the reasons for this variability, the ADF&G research staff is requesting that the equipment and methods used to sort crabs are documented on all observed vessels. 
Please circle the most accurate answer for each question to describe the sorting operation on your vessel. If necessary, also include other information or comments in the space provided that may better characterioe the method(s) used forhandling catches. Reference question numbers where appropriate when providing information supplemental to the choice(s ) of answers given. 
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Appendix D.	 Summary of crab sorting survey questionnaire results for vessels observed during the 1999 Bering Sea/ Aleutian Islandsking and  snow crab fisheries and Pribilof Islands hair crab fishery. 
Sor i hods 

FishingSeason 
VesselsSurveyed 

Sorting Equipment t ng Met
Removing Catch From Pots 

Catchdiscarding 
# of  crew sorting 

Sortingpriority�Table/totes Table typea 
Catchdiscarddevicesb 

By hand/launcher Shake potwithlauncher 
Catchdropdistance c 

Aleutian IGolden nslandsing Crab 7 

table- e 

tote- 1 

both-1 

pivot- 2 

hydraulic 'Ba- 4 

n/a- 1 

conveyor- 1 

none- 1 

n/a- e 

hand- 1 

launcher- 6 
n o- 7 <2 ft- 2 

2-4 ft- e 

scupper- 2 

n/a- e 

two- 4 

�two-3 

retained- e 

n/a- 2 

Bering Sea openaccess Snow Crab 
19 table- 19 

both- 1 

pivot- 10 

hydraulic 'Aa- 2 

hydraulic 'Ba- 6 

ramp- 10 

conveyor- 1 

none- 8 

launcher-17 

both- 2 

no- 11 

yes- 8 

<2 ft-10 

2-4 ft- 9 

scupper- 11 

over side- 4 

n/a- 4 

one- 3 

two- 6 

�two- 8 

retained- 10 

random- 7 

bycatch- 1 

other- 1 n/a-2 n/a- 1 

Bristol Bay openaccess Red ning Crab 

1 table- 1 pivot- 1 ramp- 1 launcher- 1 no- 1 <2 ft- 1 scupper- 1 one- 1 retained- 1 

a  Table designs: Pivot leg-sorting table rotates across deck to launcher around secured table leg; Hydraulic "Aa-sorting table top hingedat or near mid section; Hydraulic 'Ba- one piece table top, hydraulically controlled. 
b  Structural or mechanical device to allow the unassisted release of discarded crabs. 
c  Estimated distance crabs fall to sorting platform (i.e., table or totes) from pots emptied by use of launcher. 
d  Order in which crabs are selected from the unsorted catch. 
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Appendix E. Injury data on C  bairdi crabs taken opportunistically in pot samples during the 1999Bering Sea snow crab open access and CDQ seasons 

1999 Bering snow crab open access season 

C. bairdi sampled 

Vessel Pots Sampled Total Numberper pot Total 
A 30 130 4.3 eB 122 317 2.6 31E 7 69 9.9 4F 22 7e 3.4 3G 61 796 13.0 77I 114 280 2.e 19H 30 e1 1.7 8

Total 386 1,718 4.e 147 

C. bairdi With Injuries 

Numberper pot Percentof sample 

Numberwith�1 injury 
0.2 3.8 00.3 9.8 40.6 e.8 10.4 4.0 31.3 9.7 e0.2 6.8 20.3 1e.7 2
0.4 8.6 17 

Percentsampledcrab with�1 injury 
01.3 1.4 4.0 0.6 0.7 3.9 
1.0 

1999 Bering Sea snow CDQ season 

C. bairdi sampled 

Vessel Pots Sampled Total Numberper pot
B  1  4  4.0  C 20 e7 2.8 E 24 102 4.2 F 20 68 3.4 H 23 312 13.6 H 1 8 8.0 n 6 17 2.8 L 14 92 6.6 M 1e 61 4.1 N  2  4  2.0  O 17 246 14.e Q 3 13 4.3 R 17 119 7.0 

Total 163 1,103 6.8 

Total 
0113939224 e03419
119 

C. bairdi With Injuries 

Numberper pot Percentof sample 

Numberwith�1 injury 
0 0 00.1 1.8 10.e 12.7 00.4 13.2 01.7 12.e 122.0 2e.0 00.3 11.8 10.3 4.3 00.3 8.2 00 0 02.0 13.7 20.3 7.7 00.e 7.6 0
0.7 10.8 16 

Percentsampledcrab with�1 injury 
01.8 003.8 0e.9 0000.8 00
1.e 
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The Alaska Department of Fish and Game administers all programs and activities free from discrimination on the bases of race, color, national origin, age, sex, religion, marital status,pregnancy, parenthood, or disability. The department administers all programs and activities incompliance with Title dI of the Civil Rights Act of 1964, Section 504 of the Rehabilitation Act of1973, Title II of the Americans with Disabilities Act of 1990, the Age Discrimination Act of 1975,and Title IX of the Education Amendments of 1972. 
If you believe you have been discriminated against in any program, activity, or facility, or if you desire further information please write to ADFiG, P.O. Box 25526, auneau, Ar 99802-5526; y.S.Fish and rildlife Service, 4040 N. Fairfield Drive, Suite 300, Arlington, dA 22203 or O.E.O., y.S.Department of the Interior, rashington DC 20240. 
For information on alternative formats for this and other department publications, please contactthe department ADA Coordinator at (voice) 907-465-4120, (TDD) 907-465-3646, or (FAX) 907-465-2440. 
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